ABSTRACT The total mortality and the incidence of cancer was studied among a cohort of employees at the six oldest ferrosilicon and ferromanganese plants in Norway. The cohort consisted of 6494 men employed for more than 18 months before 1970 and has been followed up from 1953 to 1982. The standardised incidence ratio (SIR) for cancer (all sites) was 0-94. The observed number of cancers was as expected for lung cancer (SIR = 0 99) and for most of the other cancer sites studied. A statistically significant reduction of stomach cancer was found (SIR = 0 72). There was an increased incidence of lung cancer (SIR = 1-75) and cancer of the prostate (SIR = 1 56) in the workers at one ferrosilicon plant and of colonic cancer (SIR = 1 90) at another ferrosilicon plant.
Ferroalloys are alloys of iron and another metal, most commonly chromium, manganese, or silicon. They are used as a vehicle for introducing specific elements into the manufacture of steel in order to produce steel with specific properties. Ferrochromium is used in converting steel to stainless steel. Ferromanganese imparts strength, toughness, and hardness to steel and the ferrosilicons act mainly as "metal cleaners" by removing oxygen from the molten steel.
The emissions from the ferroalloy production processes consist of a complex mixture of particles, fumes, and chemicals, depending on which alloy is produced.' 2 The electrothermal reduction of iron containing ores with carbon as the reduction agent, however, is common to the whole industry. Irrespective of the alloy produced, the ferroalloy process implies exposure to combustion products, among which the polycyclic aromatic hydrocarbons (PAH) are considered to be of particular interest for human health.
The production of ferroalloys is an energy consuming process, and Norway has the advantage of easy access to hydroelectric power. Of the 50 ferroalloy plants in Western Europe, 14 are located in Norway. With approximately 10% of the world production, Norway is an important ferroalloy producer. Today these 14 plants produce 1 070 000 tons of ferroalloys a year and employ 5000 workers.
As to the possible health hazards associated with Accepted I July 1985 the production of ferroalloys, silicosis due to exposure to crystalline and amorphous silica has been noted,34 as has manganese poisoning, with Parkinson like symptoms, among employees producing manganese alloys.56 In regard to exposure to known carcinogens in the ferroalloy industry, asbestos has been regularly used in the maintenance of the furnaces. The production of ferrochromium has also been the object of particular interest, and epidemiological studies in ferrochromium plants in Norway and Sweden have shown an excess of lung cancer associated with exposure to ferrochromium7 and asbestos related maintenance work.8 There are, however, epidemiological studies of cancer in workers producing ferroalloys other than ferrochromium7 (J Alexander et al, paper given at XX International Conference on Occupational Health, Cairo, 1981) .
In 1973-5 a pilot project on the incidence of cancer among employees from three Norwegian ferroalloy plants was performed in cooperation with the Norwegian Cancer Registry. No excess of lung cancer was shown in this study (8 cases observed against expected) but a possible excess of urogenital cancer was observed.
In the light of this finding the Health Board of the Norwegian Ferroalloy Industry initiated an epidemiological study comprising all ferroalloy plants in Norway, and we present the results from the six oldest plants. 227 A 1918 FeSi, Si-metal, anode paste 1918 From 1918 B 1910 FeSi 1910 From 1910 C 1907 FeSi, calcium carbide 1920 In 1930 D 1910 FeMn,SiMn 1912 From 1930 E 1915 FeMn, FeSi 1915 From 1915 F 1923 FeMn, SiMn 1915 From 1923 Measurements of dust levels On the personnel lists provided by the plants about 6500 had no personal identification numbers. Most of these were traced through different sources, leaving 742 or 6% of the total cohort unidentified by personal identification number. Most of these came from the oldest segment of the cohort, whereas wrong date of birth or mis-spelled names could be other reasons for failing to identify them.
Of the 11 921 workers available for the study, all 416 women were excluded, together with the 742 unidentified and 21 with incomplete employment data. The 4248 workers employed after I January 1970 or for a shorter period than 18 months were also excluded, leaving a final study cohort of 6494 (table  2) .
The observation period for the cohort was 30 years, from 1953 to the end of 1982. All those alive in 1953 were observed for occurrence of cancer from that year to the year of death or to the end of the observation period. Those employed later than 1953 were considered "under observation" from the middle of the year they were first employed. group.bmj.com on July 6, 2017 -Published by http://oem.bmj.com/ Downloaded from Cancer incidence among workers in the Norwegian ferroalloy industry 
Discussion
The validity of the present results depends on several conditions. Firstly, the incidence of cancer in the present cohort has been studied on the basis of retrospective experience. The possibility that previous occurrence of cancer and death could have had a bearing on the likelihood of becoming a member of the cohort must therefore be considered. In this study 742 subjects, representing 6% of the original cohort, were not identified by a personal identification number and were thereby lost for follow up. If there is an excess of deaths and cases of cancer in this group compared with the remaining cohort the mortality and incidence of cancer in the ultimate cohort may have been underestimated. Such outcome dependent cohort admissibility represents a serious threat to studies based on retrospective experience.
The possibility of a selective loss of cases of cancer in the present cohort seems highly unlikely, although a selective loss of deaths cannot be completely ruled out. Of those lost to follow up, 282 were employed less than 1-5 years, which implies that the loss of "rel-234 evant" persons in relation to occupational cancer is less than indicated in table 2. The unidentified workers were evenly distributed among the subcohorts, indicating that no particular loss from one or a few of the subcohorts had taken place. For the subcohort from plants C and D there was initially some doubt as to the completeness of the oldest cohort segments. Tentative exclusion of these segments gave lower SMRs, which does not support the possibility of a selective loss of deaths in this group, but rather reflects the "active worker effect" as the main ingredient of the healthy worker effect.'5 The observed deficit in overall mortality (SMR = 0 90) and incidence of cancer (SIR = 0-94) is not greater than what might be expected owing to the positive health selection of industrial workers that may be reflected in studies of this design. Furthermore, as five of the six subcohorts have been formed as inception cohorts (table 1) , a mainly primary healthy worker effect could have been operating in the cohort.'3 16 Any bias due to outcome selective cohort admissibility seems therefore to have been negligible in the present study.
Regarding previous studies of the incidence of cancer in the Scandinavian ferroalloy industry, Langard et al found seven cases of lung cancer (3-1 expected) among ferrochromium workers but no cases among ferrosilicon workers (2-8 expected).7 A study from a Swedish ferrochromium plant showed no excess of respiratory cancer (O/E = 5/7.2), but two mesotheliomas were found among maintenance workers.8 In a small cohort of ferrosilicon/ferrovanadium workers there was one case of lung cancer versus 2-7 expected (J Alexander, Cairo conference). Thus so far there has been no indication of an increased risk of lung cancer associated with the production of ferroalloys other than ferrochromium.
Although the production of ferrosilicon and ferromanganese is associated with exposure to various particles and gases, only a few of these components are known to be carcinogenic. The most relevant exposure in relation to lung cancer in this study would seem to be exposure to asbestos and polycyclic aromatic hydrocarbons. Furnace workers and maintenance workers are the groups most likely to be exposed to these agents. There is no overall excess of lung cancer in these groups, nor in the subgroup of long term employees. The absence of a dose-response relation, however, is rather non-informative, as the employment period used in this study as an indicator of exposure time overlaps the follow up period.'7
Considering the asbestos consumption in the plants, the observed normal incidence of lung cancer among furnace and maintenance workers might be somewhat surprising. The result might indicate that the asbestos exposure to the individual worker has Kjuus, Andersen, Langard, and Knudsen been quite low, or just that the subgroup with relevant exposure is small and has not been properly identified. Two mesotheliomas occurred among the workers in the original cohort. One of these cases, however, had been employed for less than one year, and had had long lasting exposure to asbestos in another industry.
Based on the few measurements of PAH around the ferroalloy furnaces at two of the study plants, the individual furnace worker has been only sporadically exposed to PAH, presumably at a level below 10 yg/m3, for most working operations. The exposure also seems to be lower than that reported from the Norwegian aluminium industry, which also uses the Soderberg electrode, and where a twofold excess of lung cancer has been observed.'8
At one of the ferrosilicon plants (plant A) an excess of lung cancer was observed (17 cases observed against 9-7 expected). Five of these were found among furnace workers (2-66 expected). The production process at this plant is similar to that of the other ferrosilicon plants, but plant A has in addition an anode paste plant, which produces anode paste for the Soderberg electrodes for the whole industry. This production involves exposure to polycyclic aromatic hydrocarbons at levels in the range of 2-20 pg/m3 (KE Knudsen, personal communication) . The occurrence of three cases of lung cancer among the anode paste workers (1 1 expected) is therefore notable. Additional information from the plant and the relatives of the patients with cancer showed no other relevant occupational exposures among the 17 cases of lung cancer, except for two workers who had been employed at a neighbouring nickel refinery. They had worked six and seven years at the nickel refinery respectively, one within 10 years before the cancer diagnosis, the other intermittently five to 30 years before diagnosis. In regard to sinonasal cancer, two of the five cases observed in the cohort were from plant A, and one of these had also been working at the nickel refinery.'9
Information about smoking habits among the cohort members in earlier times is not known. In the period 1977-83, however, information on smoking status was obtained from a sample of present employees at four of the plants (table 12) . If the slightly higher smoking prevalence observed in the factory workers in this period compared with the general population reflects past differences in smoking habits between the groups a modest increase in the incidence of lung cancer could be expected in the cohort because of this difference.20 The observed incidence of lung cancer in five of the subpopulations, however, does not support the suggestion of smoking as a confounder of importance in these subcohorts. As the smoking habits among employees at plant A seem to (table  5) , with SIRs ranging from 049 to 0-88. A deficit of stomach cancer was also found among long term employed Swedish ferrochromium workers,8 whereas the incidence in the Norwegian ferrochromium cohort was as expected.7 As the ferroalloy plants, at least in previous years, must be considered as typically polluted workplaces, these findings are in contrast with previous observations of a relation between polluted workplaces and the development of stomach cancer2" (C A Veys, paper at XXI International Congress on Occupational Health, Dublin, 1984) . On the other hand, we are-not aware of any occupational factors in this industry that could possibly prevent stomach cancer, and there is no relation between the observed cancer deficit and the duration of employment in this study (table 7) . The regional variations in the incidence of cancer may explain the result to some extent, as the counties in which the study plants are located had a deficit of 9% of stomach cancer for the period 1972-6 compared with the national incidence. 22 A possible exclusion from shiftwork of persons with gastric symptoms might also have contributed to the observed result.
The higher than expected incidence of colonic cancer in the subcohort at plant C and of prostatic cancer in the subcohort at plant A is statistically of borderline significance, the 95% confidence intervals for both SIRs include unity. Although occupational factors may have contributed to this excess, the possibility of a type I error is also close at hand, bearing in mind the many independent comparisons performed in this study.23
In the case of renal cancer the previously reported excess among ferrosilicon/ferrovanadium workers (O/E = 4/0 9) (J Alexander, Cairo conference) has not been confirmed in the present study (SIR = 0 90).
As a potential excess mortality or morbidity from a certain disease can be hidden in the internal structure of a cohort,24 the material was stratified according to period of entry and period of follow up. Assuming an average latent period of 20-30 years for occupational cancers, the follow up period 25-35 years would be of particular interest in the present study. As the exposure to dust and fumes is assumed to have been higher in previous years, the observed excess of lung cancer (O/E = 18/11-3) and of colonic cancer (O/E = 12/6-7) among subjects employed before 1950 for the follow up period 25-34 years is notable.
Neither of these SIRs is statistically significant, however, and a further interpretation of these results is hampered by small figures in each cell. The choice of a proper reference population is always a matter of concern in cohort studies such as the present one. The inherent problems of using national figures for comparison are well known. We aimed therefore at forming an alternative reference group of short term employees, which somewhat surprisingly was found to have a significant excess of lung cancer (SIR = 1-82). Further information showed a distinctive recruitment pattern of migrant workers to short term employment at several of the plants in the 1930s and 1940s, including subjects with a life style, and presumably also smoking habits, different from the general population. At plant D, where nine cases of lung cancer were observed (1.9 expected), most of the short term employees were seamen having short working periods on land. observed in the county where plant A is located,'9 the county figures for lung cancer in this study would not necessarily be more representative for an unexposed reference population than the national incidence rates.
In the light of the many non-positive results presented the statistical power of the study really to detect a true increase in the incidence of cancer should be considered. Given a type I error (x) = 0-05 and type II error (/) = 0 20, an expected figure of nine or more would have been required for each association studied to detect a twofold increase in the risk of cancer. 26 Similarly, an expected figure of 32 or more would be necessary for detecting a 50% excess in the risk of cancer. This would imply that more than a twofold increase in the incidence of cancer for most of the cancers studied among the members of this cohort is unlikely. For rare cancer locations, however, or for cancer occurring in particular subgroups of the cohort, such an excess would not necessarily have been shown. The statistical power of the study must therefore be borne in mind when its non-positive results are evaluated.
